In order to investigate the Lactic Acid Bacteria (LAB) of the gut, fecal samples were collected and analyzed from 120 healthy Greek volunteers ranging from age 1 to age 85, all of whom declared daily consumption of local fermented dairy products. LAB strains were isolated using selective media under aerobic or anaerobic conditions. Identification of the isolates was based on their growth patterns, morphological characteristics, and carbohydrate fermentation profiles. There was no significant difference in the abundance of were also recovered, mainly from the adults and elders rather than the children's group. Despite the above differences in LAB species observed mostly between the younger and the other two age groups, differences were also observed within all groups, indicating that healthy subjects of all ages are colonized by a diverse lactoflora in terms of total or dominant species.
Introduction
Since the early observations of Metschnikoff in 1908 [1] , lactic acid bacteria (LAB) have been shown to reduce or eliminate potentially pathogenic micro-organisms, as well as various toxins, mutagens and carcinogens. In addition, LAB can modulate the innate and adaptive immune defense mechanisms by improving the human intestinal microbiota [2, 3] . Recent studies suggest that LAB promote and maintain gastrointestinal motility, prevent inflammation [4] , and act protectively against cancer development by binding to mutagens, inactivating them through the production of antioxidants, and by enhancing the human immune system [2, 5] . Because of their beneficial roles in the human gastrointestinal tract, LAB are often referred to as "probiotics," and efforts are underway to employ them in modern nutrition habits with so-called functional foods.
Members of Lactobacillus and Bifidobacterium genera are normal residents of the complex symbiotic microbial communities in the human gastrointestinal tract, in which they developed soon after birth. But, whether such probiotic strains derived from the human gut should be commercially employed in the so-called functional foods is a matter of debate as such species (e.g., reuteri, casei, paracasei, gasseri, plantarum) and bifidobacteria have not specifically included on widely accepted Generally Recognized As Safe (GRAS) lists [6] [7] [8] . Various studies have shown that the composition of the bowel flora depends on age, race, and diet of the host individual [9] [10] [11] . Therefore, fundamental knowledge of intestinal bacteria is a prerequisite for successful probiotics research and development [12] . Studies evaluating the correlation between diet and human lactic acid gastrointestinal microbiota are important to our understanding of intestinal bacteria.
In Greece, a large percentage of the population, particularly those living in mountainous areas traditionally follow the Mediterranean diet which includes, in addition to olive oil and vegetables, large amounts of fermented dairy products rich in probiotics [13] . Epidemiological studies have shown that Greece has the lowest colorectal cancer rates in respect to other European countries [14] . Within Greece, the lowest rates occur in populations from mountainous areas such as the Epirus region in the northwest [15] . Some researchers attribute these low colorectal cancer rates to the Mediterranean diet [16] . Consequently, we evaluated the LAB from the gastrointestinal tract of healthy volunteers living in that region in an attempt to determine the roles of these bacterial species. In addition, we attempted to identify ingredients promoting LAB growth in the gastrointestinal tract during ageing. Increased knowledge of the role of LAB and factors affecting their diversity could lead to recommendations regarding cancer prevention through nutritional interventions and beneficial foods marketing.
Experimental Procedures

Sampling
A total of 120 fecal samples were collected from healthy volunteers aged 1 to 85 years old, all living in small villages within the Epirus region in northwest Greece. All participants declared a daily multi-consumption (breakfast, lunch, and dinner) of homemade yogurt and Feta (Greek white-brined cheese). None of the participants declared use of any antibiotic or other drug treatment known to influence the fecal flora composition for a period of at least 4 weeks prior to sampling.
Participants were divided into three age groups: 1 to 3 years old (childrens group), 30 to 50 years old (adult group), and 60 to 85 years old (elderly group). Forty fecal samples (ranging from 3.5 g to 5 g) were collected from each group. After collection, samples were placed on ice in portable refrigerators, and within two hours were transported at the laboratory where all analyses were started immediately.
Bacteriological analyses
One ml of each fecal sample was homogenized in 9 ml Phosphate Buffered Saline (Oxoid BR0014), followed by centrifugation at 700 x g and collection of the supernatant liquid. Serial dilutions were prepared in Ringer's solution (Oxoid BR0052) from which 100 μl aliquots were aseptically spreaded onto the following media; Violet Red Bile Lactose agar (VRBL) (Diagnostic Pasteur, Marine la Coquette, France), Baird-Parker agar (Oxoid CM0961B), agar (De Man, Rogosa, Sharpe) (Oxoid CM361B), Columbia blood agar (Oxoid CM0331), Egg Yolk agar and Mannitol Egg Yolk Polymyxin agar (MYP) (Oxoid CM0929). VRBL agar, used to grow E. coli, was incubated aerobically at 44.5ºC. The red colonies (with a diameter of 0.5mm) which appeared within 24h were considered to be E. coli, and IMVC (Indole Methyl Red Voges-Proskauer Citrate) biochemical tests were used for confirmation.
Baird-Parker agar was used to quantitatively detect Staphylococcus aureus. Representative colonies with typical black appearance and surrounded by a clear zone were picked and subjected to Gram-stain, catalase and coagulase tests (Staphylex, Oxoid, UK).
MRS agar, Columbia blood agar, Egg Yolk agar and MYP agar were used for recovery of facultative and strict anaerobe Lactobacillus sp. Incubation of the plates was performed according to medium requirements (aerobically or anaerobically) for 24 h at 37°C. LAB species were identified by evaluating morphological, cultural, physiological and biochemical characteristics by the procedures described in the Bergey's Manual of Systematic Bacteriology [17] . At least 10 selected isolates of Lactobacilli from each plate were initially identified based on the following: microscopic examination of Gram-stained cells, motility, catalase and oxidase reactions, and gas production from glucose growth in anaerobic conditions. Finally, phenotypic observations and biochemical tests were performed when necessary for identification. The isolates were further characterized by the sugar fermentation pattern by using the API 50 CHL Medium and API-20 Strep microtest system (BioMerieux-Cedex, France), as specified by the manufacturer.
(DSM 10140) were used as reference strains.
Lactose-Sulfite (L.S.) broth was used for cultivation and confirmation (presence or absence) of Clostridium perfringens [18] .
Colony forming units per gram of feces were calculated for each LAB strain from positive plates (i.e. with at least 10 confirmed isolates of each respective strain).
Statistical analysis
Differences in total counts of microbiotaspecies between age groups were compared with the Analysis of Variance Procedure with Bonferroni post-hoc test, after logarithmic transformation of the actual counts. Pearson chi-square was used to control for differences on the occurrence of positive samples for the non-LAB species. Spearmanrho correlation coefficients among species belonging to samples from the same age group were also estimated. All statistical analyses were performed by using the SPSS v12 (SPSS Inc. USA) statistical software package at 95% confidence level. Table 1 shows the logarithms of the average and the standard deviation of bacterial counts (cfu/g) from our samples as well as the percentage of those positively detected. The most abundant LAB species isolated from children were Enterococcus faecium, which was detected in 70% of the samples with an average density of 3.61±3.98 log cfu/g, Lactococcus lactis lactis (in 50%) with 4.96±5.35 log cfu/g, and Leuconostoc sp.
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(47.5%) with 2.29±2.63 log cfu/g. Less abundant were Lactobacillus brevis (12.5%) and Bifidobacterium sp (10%), while Lactobacillus fermentum and Enterococcus avium were absent.
In adults (30 to 50 years old), Enterococcus faecalis was detected in 95% of the samples (mean log count 3.61±3.29 cfu/g), Enterococcus faecium in 92.5% (3.51±3.97 mean log cfu/g) and Lactococcus lactis subsp lactis in 72.5% (2.92±3.13 mean log cfu/g). Prevalence of all other species ranged from 2.5% (Lactobacillus plantarum) to 52.5% (Lactobacillus fermentum). Bifidobacterium sp. was completely absent in those samples.
LAB species recovered from elderly people aged 60 to 85 years were as follows: Enterococcus faecalis (positively detected in 90% of the samples), Enterococcus faecium (in 87.5%), Enterococcus casseliflavus (67.5%), Lactobacillus fermentum (72.5%), Lactococcus lactis subsp lactis (65%), Lactobacillus plantarum (57.5%), Lactobacillus pentosus (55%). All other species were recovered in less than 25% of the samples, with Bifidobacterium sp. in just 5%.
Clostridium perfringens and E. coli were recovered from almost all subjects (Table 2 ). In children, vegetative and spore forms of C. perfringens were found in 42.5% and 57.7%, respectively, of the samples. The frequency of C. perfringens spore forms was higher in children (57.5%) and elder subjects (75%) while the vegetative forms of this species were more frequent (70%) in adults. 
a,b Analysis of Variance with Bonferroni post-hoc test results after logarithmic transformation of counts. Similar superscript letters indicates differences between the corresponding age groups * Number of plates (out of 40) with at least 10 confirmed colonies of the respective strain
Multiple comparisons (ANOVA) revealed statistically significant differences regarding the average total counts of the various LAB species between the three age groups in almost all but L. brevis, L. lactis cremoris, L. lactis, and L. paracasei (Table 1) . Particularly, the first age group (1-3 years old) differs significantly from the other two in regard to the actual concentration of L. pentosus (mean log differences: -0.63 and -1.23, p<0.05), L. delb. lactis (log differences: 0.94 and 0.86, p<0.05), L. fermentum (log differences: -1.45 and -1.98, p<0.05), L. plantarum (log differences: 0.70 and -0.72, p<0.05) and also E. faecalis (log differences: -1.96 and 1-64, p<0.05). Differences in the occurrence of gastrointestinal microbiota were also recorded for C. perfringens (vegetative forms) and E. coli (Table 2) .
Correlations among the various species were insignificant, except L. lactis lactis and L. delb. lactis which were always negatively correlated (Spearman rho coefficients in the three age groups: -0.33, -0.45 and -0.47, p<0.05).
Finally, no statistical differences were found when controlling for sex either for LAB or non-LAB species.
Discussion
The present study explored the effect of aging on the composition of human lactic gut microbiota as well as other non-LAB species. The rural people in the Region of Epirus in Greece produce unpasteurized fermented milk and other dairy products using traditional methods. Because live cultures of Lactobacillus, Bifidobacterium and other probiotics are used for fermentation of the above products, we were interested in studying their population dynamics in the human gut. For the study, three different age-groups were considered; children (1 to 3 years old), adults (30 to 40 years old) and elders (60 to 85 years old). As our results showed, L.fermentum was absent from children's samples, while Leuconostoc sp., L. lactis lactis and L. lactis cremoris were the most abundant species in this same age group. In adults, an increased prevalence of L. lactis lactis followed by L. fermentum and L. pentosus was observed. Finally, the elderly microbiota was dominated by L. casseliflavus, L. fermentum followed by L. plantarum, L. lactis lactis and L. pentosus. Clearly, gradually increasing numbers of L. fermentum (0%, 52.5%, 72.5%) and L. pentosus (7.5%, 35%, 55%) were observed following age. A decreasing profile was observed to the colonization both by L. lactis cremoris and L. delbrueckii lactis following ageing. Moreover, four different species of Enterococcus sp. were present; E. casseliflavus, E. faecalis, E. faecium and E. avium. Finally, Leuconostoc sp. was found more frequently in children when compared to adults and elder subjects. In general, our results indicates that healthy subjects in all ages are colonized by a highly variable lactoflora in terms of total numbers, number of species, or dominant species. These observations point to the absence of a correlation between LAB composition and age. Lactobacillus, which are facultatively anaerobic or aerobic rods, possesses an important role in the human microbiota [7, 19, 20] and maybe it is the mode of attachment or selective adherence to the epithelial cells that explains the variation observed [21, 22] . It would also have been the results of other factors which determine the development of the human lactic acid microflora and which have not yet been completely elucidated [23] . In addition, Lactobacillus species were reported to be extremely sensitive to environmental factors such as diet, antibiotics and stress [19, 24] . Stress has been shown to increase numbers of putrefactive bacteria within the gastrointestinal microflora, particularly of C. perfringens [25] [26] [27] [28] . Environmental factors and personal hygiene habits are possibly involved in the population level of C. perfringens [19, 25] .
Dissemination of antibiotic resistances into dairy products and introduction into consumers as a result of antibiotic overuse could select for some bacterial species [29, 30] . However, it is difficult to know if a given bacterial species consists of an autochthonous In most cases, children consume milk and dairy products more frequently than adults. Various bacterial species used in fermentation of dairy products often colonize these children in high numbers, specifically L. paracasei, L. delbrueckii lactis, L. lactis lactis, Leuconostoc. Bifidobacterium was also found sparsely in the children microbiota (10%), as well as in the elderly (5%). The decline in beneficial Bifidobacterium sp numbers is one of the most marked changes in the elderly gut [31] . Moreover, Bifidobacterium species diversity observed in infants and adults decreases as Bifidobacterium adolescentis and Bifidobacterium longum become most predominant. Reduced attachment of Bifidobacterium sp. to epithelial cells may be due to changes in colon structure, chemical composition, mucus quality and abundance, and gut functionality, which could all be induced by the ageing process [32] . Furthermore, elders have particular dietetic habits, as traditional food reserves a key role in their nutrition. This may result in colonization by bacterial species used for traditional food preparation.
Despite numerous studies, many aspects of the ecological profile of the human lactoflora remain obscure and speculative. Whatever the underlying explanations and knowledge, it is obvious that more research must be done to elucidate the mechanisms and the therapeutic advantages for the ageing host, originated by the beneficial effect of the human intestinal microbiota. It is apparent then, that carefully selected LAB species could lead to the production of foods useful for the prevention or the treatment of allergies and syndromes, like inflammatory bowel disease, or even cancer.
